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(54) Method of nitriding steel 

(57) A method of nitriding steel which comprises re- 
acting the steel surface with nitrogen so as to form a 
hard nitrided layer, and, prior to nitriding, holding steel 
under a gas atmosphere containing fluorine compound 
gas or fluorine gas and also containing air oroxygen gas 



with heating, whereby occurrence of uneven nitriding is 
prevented and at the same time savings in consumption 
of expensive fluorine- or fluoride-containing gas can be 
realized. As an alternative, the heating in an air/oxygen 
atmosphere may be before or after the exposure to a 
fluorine compound or fluorine gas atmosphere. 
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Description 

Tliis invention relates to a metfiod of nitriding steel 
by forming a nitrided layer on the steel surface so as to 
improve wear resistance and ottier properties. s 

Methods of nitriding or carbonitriding steel for ttie 
formation of a nitrided layer on their surface which have 
been so far employed lor the purpose of improving their 
mechanical properties, such as wear resistance, corro- 
sion resistance and fatigue strength, include the follow- io 
ing, among others: 

(a) The method using a molten cyanate or cyanide 
salt, such as NaCNO or KCN (Tufflride method); 

(b) The glow discharge nitriding method (plasma ni- is 
triding method); and 

(c) Tine method using ammonia or a mixed gas con- 
taining ammonia and a carbon source, for example 
RX gas (gas nitriding or gas soft nitriding method). 

20 

Among these, method (a), wfiich uses hazardous 
molten salts, has disadvantages when evaluated from 
work environment, waste treatment and other view- 
points. Method (b), which achieves nitriding by means 
of a glow discharge in an + H2 atmosphere under a ss 
low degree of vacuum, causes less influences of oxide 
films owing to some cleaning effect of sputtering but 
tends to allow occurrence of uneven nitriding due to lo- 
cal temperature differences. In addition, this method is 
disadvantageous in that articles which can be nitrided 30 
are much limited in shape and size and that increases 
in cost result. Method (c) also has problems, for in- 
stance, the treatment process is not very stable but 
tends to lead to uneven nitriding. Another problem lies 
in that obtaining a deep nitrided layer requires a fairly 35 
long time. 

Generall/, steel is nitrided at temperatures not low- 
er than 500°C . For the adsorption and diffusion of ni- 
trogen on the steel surface layer, it is desired that the 
metallic surface should be highly active and free not only 40 
of organic and inorganic contaminants but also of any 
oxide film or adsorption film for Og. The above-men- 
tioned oxide film, if present, would unfavorably promote 
dissociation of the nitriding gas ammonia. In practice, 
however, it is impossible to prevent oxide film formation 45 
in gas nitriding. For instance, even in the case of case 
hardened steel or structural steel whose chromium con- 
tent is not high, thin oxide films are formed even in an 
NH3 or NH3 + RX atmosphere at temperatures between 
400 to 500 °C . This tendency becomes more pro- so 
nounced with steel species containing an element or el- 
ements which have high affinity for oxygen, for example 
chromium, in large amounts 

The oxide formation, such as mentioned above, 
varies in extent depending on the surface state, SB 
processing conditions and other factors even in one and 
the same work, resulting in unevenly nitrided layer for- 
mation. For example, in the typical case of cold worked 



austenite stainless steel works, satisfactory nitrided lay- 
erformation is almost impossible even if passive surface 
coat layers are completely removed prior to charging in- 
to a treatment furnace by cleaning with a hydrofluoric 
acid-nitric acid mixture. Uneven nitriding occurs not only 
in gas soft nitriding but also in nitriding of nitriding steel 
or stainless steel with ammonia alone (gas nitriding). 
Furthermore, in the case of works complicated in geom- 
etry, for example gears, even when they are made of 
ordinary structural steel, it is a fundamental problem that 
there is a general tendency to uneven nitriding.- 

The means or methods so far proposed for solving 
the above-mentioned essential problems encountered 
in gas nitriding and gas soft nitriding include, among 
others : a method comprising charging vinyl chloride 
resin into a furnace together with works; a method com- 
prising sprinkling works with CHgCI or the like and heat- 
ing at 200-300''C to thereby cause evolution of HCI and 
prevent oxide formation and remove oxides therewith; 
anda method comprising plating works in advance to 
thereby prevent oxide fomiation. None of them have 
been put into practical use, however, Chlorides such as 
FeClg and FeClg are deposited on the steel surface by 
HCI, however, these chlorides are very fragile at tem- 
peratures below the nitriding temperature and can read- 
ily sublime or vaporize, whereby no chloride layer is 
formed. Furthermore, the handling of the above-men- 
tioned chlorides and the like is troublesome and furnace 
material is extremely damaged, although they are effec- 
tive to some extent in preventing oxide film formation. 
Thus, none of the methods mentioned above can be 
said to be practicable. 

As mentioned heretofore, the conventional meth- 
ods have problems such as inorganic contaminants re- 
mained after cleaning prior to nitriding, and occurrence 
of uneven nitriding and the like caused by oxide films of 
treated articles. 

The inventors of the present invention have found that 
it is effective to hold steel in an atmosphere composed 
of a fluoride compound or fluorine (hereinafter abbrevi- 
ated to fluorine- or fluoride-containing gas) with heating 
prior to nitriding so as to form a fluoride layer on the steel 
surface. Such an invention has already been filed at the 
Japanese Patent Office (the application number is 
1-177660), In this way, by treating with the fluorine- or 
fluoride-containing gas, inorganic and organic contam- 
inants attached to the steel surface by activated fluorine 
atoms are destroyed and eliminated so (hat the steel 
surface is cleaned. Further these fluonne atoms under- 
go reaction with the oxide film so as to turn into a fluoride 
film, resulting in a state that the steel surface is covered 
and protected by the fluoride film. This fluoride layer is 
eli.minated by decomposision in the next nitriding step. 
At the same time, the steel surface becomes an activat- 
ed state. Nitrogen atoms then penetrate and diffuse into 
this activated steel surface, allowing to form a nitrided 
layer quickly and uniformly. In the actual operation pro- 
cedure, however, the above fluorine- orfluoride-contain- 
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ing gas is expensive and its consunnption is considera- 
bly high, therefore, the cost of nitriding itself becomes 
high, causing a strong demand for the improvement. 

The present invention provides a method of nitriding 
steel which comprises reacting the steel su rface with n i- s 
trogen so as to form a hard nitrided layer, and conduct- 
ing the following fluorination (A), (B) or (C) prior to ni- 
triding: 

(A) holding steel in a gas atmosphere containing flu- io 
orine compound gas or fluorine gas and also con- 
taining air equivalent to 0.5 to 20 volume % of the 
total or oxygen gas equivalent to 0. 1 to 4 volume % 

of the total with heating; 

(B) after holding steel in a gas atmosphere contain- is 
Ingfluorine compound gas or fluorine gas with heat- 
ing, holding steel in a gas atmosphere containing 

air equivalent of 0.5 to 20 volume % of the total or 
oxygen gas equivalent to 0.1 to 4 volume % of the 
total with heating; or 20 

(C) after holding steel In a gas atmosphere contain- 
ing air equivalent to 0.5 to 100 volume % of the total 
or oxygen gas equivalent to 0.1 to 20 volume % of 
the total with heating, holding steel In a gas atmos- 
phere containing fluorine compound gas or fluorine 2s 
gas with heating. 

The inventors of the present invention aimed to im- 
prove the prior proposals. It was found that, prior to ni- 
triding steel, when fluorination is conducted by introduc- 30 
ing fluorine- or fluoride-containing gas into a furnace 
while steel is held therein with heating, if the fluorination 
takes place In a gas atmosphere containing not only the 
above fluorine- or fluoride-containing gas but also air 
equivalent to 0.5 to 20 volume % of the fluorine- or flu- 3S 
oride-conlaining gas or oxygen gas equivalent to 0.1 to 
4 volume % (hereinafter abbreviated to %) thereof, the 
consumption of the fluorine- or fluoride-containing gas 
is less than that of the prior proposals. It was also found 
out that the above method can provide similar or better 4o 
effects (where inorganic and organic contaminants at- 
tached to the steel surface are destroyed and eliminated 
by fluorine atoms, the oxide film on the steel surface 
turns to a fluoride film by reacting with the fluorine atoms 
so that the steel surface may be covered and protected 4S 
by the fluoride film, and the fluoride film is eliminated by 
decomposition in the next step of nitriding so that the 
steel surface is activated and that nitrogen atoms can 
penetrate and diffuse thereinto quickly and uniformly) 
than those of the prior proposals. In addition, it is not so 
necessarily required to conduct fluorination in the state 
of co-existence of fluorine- or fluoride-containing gas 
with air and the like. That is, after or at the same time 
steel is held in a fluorine- or fluoride-containing gas at- 
mosphere with heating so as to form a fluoride film on ss 
the steel surface, steel may undergo heat treatment in 
a gas atmosphere where the above air or oxygen is 
mixed with nitrogen or ammonia and introduced into the 



furnace as a mixed gas. Moreover, it may be possible 
that the above air or oxygen is mixed with nitrogen gas 
or the like and introduced into the furnace as a mixed 
gas, where steel is held with heating and thereafter the 
above fluorine- or fluoride-containing gas is introduced 
thereinto in which steel is held with heating. We found 
out that such methods can provide the same effects as 
those when the fluorine- or fluoride-containing gas is si- 
multaneously used with air or oxygen. 

The present invention will then be described in de- 
tail. 

As the fluorine- or fluoride-containing gas (a gas 
containing fluorine compound gas or fluorine gas) used 
in this Invention, there are fluorine compound gases 
containing fluorine compounds such as NF3, BF3, CF4 
and SFg, and gases containing Fj gas. The fluorine- or 
fluoride-containing gas is normally composed of this flu- 
orine compound gases or gas, and a dilute gas (Ng 
gas or the like). Among the fluorine compound gases 
and the Fg gas which are used for the fluorine- or fluo- 
ride-containing gas, NF3 is most suitable for practical 
use since it is superior in reactivity, ease of handling and 
the like. A steel article to be treated is held with heating 
under the above fluorine- or fluoride-containing gas at- 
mosphere, in the case, for example, of MFg, at a tem- 
perature of 250 to 600 "C so that the surface is treated 
therewith, and thereafter nitrided (or carbonitrided) by 
using such a known nitriding gas as ammonia. As men- 
tioned foregoing, the above NF3 gas and the like are 
usually used after being diluted with nitrogen gas. In this 
fluorinating process, the concentration of fluorine com- 
pounds or fluorine in a fluorine- or fluoride-containing 
gas atmosphere Is 1000 to 100000 ppm in accordance 
with a volume standard (the same applies hereinafter). 

This invention combines the effect of the above flu- 
orine- or fluoride-conlalning gas with the effect of air or 
oxygen gas. which results In the most significant feature. 
There are following three embodiments of the present 
invention as to the combination of the above air or oxy- 
gen gasandthefluorlne-orfluoride-containinggas. The 
first embodiment of the. combination is to introduce air 
or oxygen into the fluorine- or fluoride-containing gas 
and mix them. In this way, when mixing the fluorine- or 
fluoride-containing gas with air or oxygen, air is deter- 
mined to be at 0.5 to 20 % of the total of the fluorine- or 
fluoride-containing gas and air and the like to be mixed 
with. As for oxygen, it is determined to be 0.1 to 4 % of 
the above total. The second embodiment is to hold steel 
under a fluorine- or fluoride-containing gas atmosphorG 
with heating so as to form a fluoride film on the steel 
surface, and simultaneously or thereafter, to introduce 
air or oxygen as a mixed gas with nitrogen gas or NH3 
gas wherein air accounts for 0,5 to 20% or oxygen 0.1 
to 4 % of the total (of the atmosphere). Further, the third 
embodiment is to introduce air or oxygen as a mixed gas 
with an inert gas such as nitrogen gas or ammonia gas 
into a furnace prior to introducing the above fluorine- or 
fluoride-containing gas, to hold steel therein with heat- 
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ing, and thereafter to introduce the above fluorine- flu- 
oride-containing gas thereinto in order to form a fluoride 
filnrt on the steel surface. In this case, before the intro- 
duction of the fluohne- or fluoride-containing gas, air or 
oxygen to be introduced into a furnace shall be set at s 
0.5 to 100 7o or 0.1 to 20 %, of the total of the above 
atmosphere, respectively. 

In the above first and second embodimenls, good 
results cannot be obtained even if either air or oxygen 
falls outside the above ranges. In this case, air to be 'o 
used Is generally cleaned with reduced contents of im- 
purities such as hydro carbons, moisture and carbon di- 
oxide. As oxygen gas, pure oxygen gas can be used as 
it is, or, alternatively, pure oxygen gas which is diluted 
by other dilute gases such as N2 gas can be used. In ''s 
■this case, pure oxygen is also set at 0.1 to 4 % of the 
total. 

The holding time of steel under the above atmos- 
phere may be selected appropriately depending on 
types of steel, shapes and dimensions of works, heating so 
temperatures and the like. It Is usually from ten and odd 
minutes to dozens of minutes. 

The method in accordance with the present inven- 
tion will specifically be described. A steel work is, for 
example, cleaned by degreasing, and charged into a 25 
heat, treatment furnace 1 shown in Fig. 1. This furnace 

I is a pit furnace where a stainless inner vessel 4 is pro- 
vided inside a heater 3 equipped in an outer shell 2, and 
a gas inlet pipe 5 and an exhaust pipe 6 are inserted 
thereinto. Gases are supplied from cylinders into the gas so 
inlet pipe 5 through a flow meter 17, a valve 1 8 and the 
like. The inside atmosphere is stirred by a fan 8 rotated 

by a motor 7. A work 10 placed in a wire net container 

II is charged into the furnace 1. In the figure, the refer- 
ence numeral 13 is a vacuum pump and 14 an elimina- 35 
tor. Fluorine- or fluorine-containing gas sucti as a mixed 
gas of NF3 and from the cylinder is introduced into 
the furnace, simultaneously, air from the cylinder being 
introduced thereinto, whereby the furnace is heated to 

a determined reaction temperature. NF3 generates ac- 40 
live radicals of F at a temperature of 250 to 600 "C , 
which eliminate organic and inorganic contaminants re- 
maining on the surface, and at the same time react 
quickly with Fe and Cr bases on the steel surface or ox- 
ides such as FeO, Fe304 and CrgOg. As a result, a very 4o 
thin fluoride film containing such compounds as FeFg, 
FeFg, CrFa, and CrF4 forms on the steol surface, for ex- 
ample as follows: 

FeO + 2F^ FeFg -V 1/2 Og; and ^° 



Cr^O^ 4 4 F 2 CrFj + 3/2 O^. 

These fluorinating reactions convert the oxide film 
on the work surface to a fluoride film, resulting in the 
formation of the fluoride film on the work surface. In this 



case, not only fluorine compound gas or Fg gas, but also 
air is included in the above atmosphere. It is understood 
that the O2 film is formed on the surface of the fluoride 
film generated due to in the air, which reinforces the 
fluoride film. Since such an film reinforces the fluo- 
ride film, occurrence of nitriding unevenness in the next 
step is prevented and, simultaneously the consumption 
of expensive fluorine compound and F2 gas are reduced 
so that reductions In the nitriding cost can eventually be 
realized. 

In addition, the above fluorinating reactions may oc- 
cur otherthan by mixing the fluorine- or fluoride-contain- 
ing gas with air or oxygen simultaneously, for example 
as follows. After steel is held under the fluorine- or flu- 
oride-containing gas atmosphere with heating in the fur- 
nace, air or oxygen gas is introduced thereinto, forming 
a gas atmosphere containing air of 0.5 to 20 % or oxygen 
gas of 0. 1 to 4 % of the total atmosphere, under which 
steel is held with heating. Consequently, the same ef- 
fects can be obtained as those in simultaneous mixing. 
The above-mentioned fluorinating reaction can further 
be realized by, prior to the introduction of fluorine- or flu- 
oride-containing gas, introducing air or oxygen with an 
inert gas and the like into the furnace, generating a gas 
atmosphere with air of 0.5 to 100 % or oxygen gas of 
0.1 to 20 % of the total atmosphere, and holding steel 
therein with heating. 

The work thus treated is subsequently heated, for 
instance, under a non-oxidation atmosphere such as Ng 
atmosphere at a nitriding temperature of 480 to 700°C. 
It is assumed that if a gas containing NH3 or NH3 and a 
carbon source (for example, RX gas) is added thereto, 
the fluoride filpn is reduced or destroyed by Hj or trace 
moisture, for example as shown in the following formu- 
lae so that an active metallic base Is formed: 

CrF^ -I- 2 H2 ^ Cr + 4HF; and 



2FeF3+3H2-*2Fe+6HF. 

As mentioned heretofore, as soon as the active me- 
tallic base is formed, active radicals of N are absorbed 
thereby so as to penetrate and diffuse thereinto, result- 
ing in the formation of a compound layer containing such 
nitride as CrN, FegN. FegN and Fe4N on the work sur- 
face. 

This formation of the compound layer can also be 
seen in the conventional nitriding methods. However, 
the surface activity becomes low in the conventional 
methods because of an oxide film formed in the process 
where normal temperature rises to a nitriding tempera- 
ture, and O2 which is adsorbed during said process, 
whereby surface adsorption of N is low and uneven. 
Moreover, this unevenness is promoted by the fact that 
maintaining the degree of NH3 decomposition uniformly 
in the furnace is difficult in practice. Therefore, the 
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present invenlion can prevent occurrence of nitriding 
unevenness and save the consumption of expensive 
gases of main components, as the fluoride film formed 
on the steel surface is reinforced by the film. Thus, 
as a result of such fluorination, the present invention al- 
lows uniform and quick N adsorption on the worl< sur- 
face. 

From the operational process viewpoint, it is an out- 
standing feature of the present invention that it uses, as 
a reaction gas to form a fluoride film, a gaseous material 
like NF3 which shows no reactivity at normal tempera- 
ture and can be handled with ease, whereby the process 
is simplified, for example a continuous treatment be- 
comes possible compared with the methods which in- 
volve plating treatment or use solid PVC or a liquid chlo- 
rine source. Tufftride method requires a great expendi- 
ture, required, for instance, for work environment im- 
provement and equipment for pollution, although it is ex- 
cellent in promoting nitrided layer formation and increas- 
ing fatigue strength, among others. On the contrary, the 
above-mentioned process according to the invention re- 
quires only a simple device for eliminating hazardous 
substances from treated waste gas and allows, at least 
the same extent of nitrided layer fonmation as in Tufftride 
method and thereby makes it possible to avoid uneven 
nitriding. While nitriding is accompanied by carburizing 
In Tufftride method, it is possible to perform nitriding 
alone in the process according to the invention. 

As mentioned heretofore, the method of nitriding 
steel in accordance with the present invention compris- 
es, prior to nitriding, conducting the following fluorinat- 
ing method ofQ (2) or® 

Qheating steel in a mixed gas containing fluorine- 
or fluoride-containing gas and air or oxygen; 
® after heating steel under a fluorine- or fluoride- 
containing gas atmosphere, introducing air or oxy- 
gen with such an inert gas as Ng into a furnace to 
hold steel with heating; or 

d) prior to the introduction of fluorine- or fluoride- 
containing gas, introducing air or oxygen with such 
an inert gas as N2 into a furnace so as to hold steel 
with heating, and introducing fluorine- or fluoride- 
containing gas thereinto where steel is held with 
heating. As a result, i) activated fluorine atoms act 
on the steel surface so as to remove inorganic and 
organic contaminants therefrom, ii) at the same 
time, an oxide film on the surface is converted to a 
fluoride film, which is formed on the steel surface 
layer of steel to protect thereof, and iii)then, be- 
cause the fluoride film is removed when nitriding 
and activated steel base is formed, the. effects of 
fluorine compound gas and the like that quick and 
uniform penetration and diffusbn of nitrogen on the 
activated surface of the steel base allow to form a 
good nitrided layer thereon in nitriding, are encour- 
aged by the air or oxygen. Namely, fluorine- or flu- 
oride-containing gas and air or oxygen are used in 



combination for fluorinating in the present invention. 
For this reason, the generated fluoride film is rein- 
forced by the Og film, which prevents occurrence of 
uneven nitriding, at the same time, saves consump- 

s tion of expensive fl uorine- or f I uoride-contain ing gas 
which relates to prevention of uneven nitriding, and 
in the end, realizes a great deal of cost reduction in 
nitriding. Therefore, the formation of a low-priced ni- 
tride layer can be realized on a broader range of 

10 steel types. In addition, the present invention pro- 
vides a good nitrided layer regardless of types of 
steel, processing steps, conditions in pre-treatment 
or the like, and can conduct nitriding even on parts 
having holes or elite. Furthermore, there are advan- 

'5 tages in the invention, for example, nitriding can be 
carried out on steel types which are difficult to be 
nitrided such as austenitic stainless steel and all 
types of heat-resistant steel. 

20 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows a cross-sectional view of one embod- 
iment of a treatment furnace used in the present inven- 
tion. 

The invention will further be described with refer- 
ence to Examples compared with Comparative Exam- 
ples. 

Example 1 and Comparative Examples 1 to 3 

30 

SUS 305 wire "screws" made by pressure molding 
were cleaned with freon then charged Into such a fur- 
nace 1 as shown in Fig, l , and held under an N2 gas 
atmosphere comprising 40000 ppm of NF3 and 50000 

3S ppm of air (5 volume %) at 320°C for 1 5 minutes. There- 
after, the screws were heated to 580 "C and nitrided for 
3 hours in the furnace where a mixed gas containing 50 
% of NH3 and 50 % of was introduced. After a certain 
period of time, the screws were air cooled and taken out 
from the furnace. 

The thicknesses of nitrided layers of the works ob- 
tained were uniform. The cross sectional hardnesses of 
screw threads ranged from Hv=350 to 360, whereas the 
whole surface hardnesses ranged from Hv=1200 to 

45 1 250. 

On the contrary, as Comparative Example 1 , the 
same works as in Example 1 were cleaned with Freon , 
then charged into the above furnace, and heated under 
an atmosphere comprising 75 % of NH3 at 570 °G for 3 

so hours. Nitride layers were hardly formed on the works. 
Further, as Comparative Example 2, the same treat- 
ment as that of Example 1 was carried out except that 
the air content was changed to 0.4 %, which falls out of 
the air range of 0.5 to 20 % in this invention. Nitrided 

55 layers of thus obtained works were uneven, and the sur- 
face hardnesses were between Hv=480 and 1250, 
which varied widely. It is understood that the perform- 
ance thereof is much lower than that in Example 1. 
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Still further, as Comparative Example 3, the same 
treatment as that of Example 1 was carried out except 
that air content was set at 21 %, which is an upper limit 
for air content in the present invention. Nitrided layers 
of thus obtained works were also uneven, and the whole 
surface hardnesses also varied widely. It is understood 
that the performance thereof is much lower than that in 
Example 1. 

Example 2 and Comparative Examples 4 and 5 

SUS 505 tapping screws were cleaned with ace- 
tone, then charged into a furnace as shown in Fig. 1 , 
and held under an atmosphere containing 35000 
ppm of NF3 and 7000 ppm of (0.7 %) at 300°C for 
15 minutes. Thereafter.the screws were heated to 
500°C . held under an atmosphere of and 90 % Hg 
for 30 minutes, then nitrided under an atmosphere of 20 
% NH3 and 80 % RX (where H2O and COg are eliminat- 
ed by incomplete combustion of methane, propane and 
the like in the air and Its composition Is basically + 
CO (20 %)+ H2 (30 %)) for 3 hours, and taken out from 
the furnace. Uniform nitrided layers of 40 to 50^^. m were 
formed on the whole screw surfaces. 

Further, as Comparative Example 4, the same treat- 
ment as that of Example 2 was conducted except that 
the oxygen concentration was changed to 0.05 %. which 
falls out of the range for the oxygen concentration of 0. 1 
to 4 % in this invention. Nitrided layers of thus obtained 
works were uneven, and the whole surface hardnesses 
of the screw fops were from Hv=430 to 1 200, which var- 
ied widely, resulting in much lower performance than 
that in Example 2. 

Still further, as Comparative Example 5, the same 
treatment as that of Example 2 was conducted except 
that the oxygen concentration was changed to 5 %, 
which falls out of the range for the oxygen concentration 
of 0.1 to 4 % in this Invention. Nitrided layers of thus 
obtained works were uneven, and the whole surface 
hardnesses of the screw tops were from Hv=430 to 
1150, which varied widely, resulting in much lower per- 
formance than that in Example 2. 

Example 3 and Comparative Examples 6 and 7 

SUS 304 shafts exposed to strong cold extension 
working and strong cutting and grinding finish were 
charged into a furnace as shown in Fig. 1 . The shafts 
were heated and fluorinated under an atmosphere 
containing 26000 ppm of NF3 and 5000 ppm of O2 (0.5 
%) at 320°C for 1 0 min utes. The works were then heated 
to 580 °C, held under a mixed gas of 50 % NH3 and 50 
% RX for 2 hours, and taken out from the furnace. As a 
result, uniform nitrided layers with a surface hardness 
of Hv=1150 to 1280 (base material hardness was ss 
Hv=350 to 420) and a thickness of 40 |im were obtained. 

On the contrary, as Comparative Example 6, the 
same works were cleaned with alcohol and then fluori- 



nated under a mixed gas containing 50000 ppm of NF3, 
and then nitrided under the same conditions as those of 
Example 3. In addition, as Comparative Example 7, ni- 
triding was carried out under the same conditions as in 

s Example 3 except that O2 was not added atall, although 
the concentration of introducing NF3 and the heating 
temperature of 580 'C were the same. As a result, in 
the case of Comparative Example 6 where NF3 amount 
was doubled, the same uniform hard layers as those of 

0 Example 3 were obtained, however, in the case of Com- 
parative Example 7, nitriding unevenness occured such 
as formation of nitrided layers of partially 15 to 20 n m. 

Example 4 

Grinded samples formed by SKD 61 steel material 
were cleaned, then charged into a furnace shown in Fig. 
1 , and held in an gas containing 45000 ppm of NFg 
and 2000 ppm of (0.2 %) at 350 °C for 60 minutes. 
' The temperature was then risen to 550 "C and the sam- 
ples were heated in 75 % of NH3 for 3 hours. The result- 
ant nitrided layers were 0.15 mm in thickness. No nitrid- 
ing unevenness was found In the nitrided layers at all. 

' Example 5 

SUS 304 shafts, the same samples as used in Ex- 
ample 3, were cleaned with acetone, then charged into 
a furnace shown in Fig. 1 , and held under an atmos- 
' phere containing 50000 ppm of NF3at 350°Cfor20 min- 
utes. For 30 minutes until the furnace was heated to 
450°C , the furnace atmosphere was changed to a 
mixed gas atmosphere of and 6 % air. Thereafter, 
the furnace atmosphere was changed to a nitriding at- 
mosphere containing 50 % NH3 and 50 % RX and heat- 
ed to 580 °C. The shafts were held therein for 60 min- 
utes and taken out therefrom. As a result, uniform nitrid- 
ed hard layers with a surface hardness of Hv=1150 to 
1 250 and a thickness of 30 |i m were formed on the shaft 
surfaces. 

Example 6 

SUS 304 shafts, the same samples as used in Ex- 
ample 3, were cleaned with acetone, then charged into 
a furnace shown in Fig. 1 , wherein the atmosphere was 
a mixed gas atmosphere of Ng and 6 % air, under which 
the shafts were held at 350°C for 30 minutes. Then Ng 
gas containing 50000 ppm NF3 was introduced into the 
furnace and the shafts were fluorinated therein at 350 
°C for 20 minutes. Thereafter, the furnace gas was 
changed to be a nitriding atmosphere containing 50% 
NH3 and 50% RXand heated to 580°C . The shafts were 
held therein for 60 minutes and taken out therefrom. As 
a result, uniform nitrided hard layers with a surface hard- 
ness of Hv=:1 1 50 to 1 250 and a thickness of 30 |i m we re 
formed on the shaft surfaces. 
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A method of nitriding steel which comprises react- 
ing the steel surface with nitrogen so as to form a 
hard nitrided layer, and conducting the following s 
fluorination (A), (B) or (C) prior to nitriding: 

(A) healing steel in a gas atmosphere contain- 
ing fluorine compound gas or fluorine gas and 
also containing air equivalent to 0.5 to 20% vol- 10 
ume of the total gas atmosphere or oxygen gas 
equivalent to 0. 1 to 4 volume % of the total gas 
atmosphere; 

(B) after heating steel in a first gas atmosphere 
containing fluorine compound gas or fluonne 'S 
gas, heating the said steel in a second gas at- 
mosphere containing air equivalent to 0.5 to 20 
volume % of the total second gas atmosphere 

or oxygen gas equivalent to 0.1 to 4 volume % 
of the total second gas atmosphere; or zo 

(C) after heating steel In a first gas atmosphere 
containing air equivalent to 0.5 to 100 volume 
% of the total first gas atmosphere or oxygen 
gas eq u ivalent to 0. 1 to 20 volume % of the total 
first gas atmosphere, heating the said steel in 2S 
a second gas atmosphere containing fluorine 
compound gas or fluorine gas. 
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acting the steel surface with nitrogen so as to form a 
hard nitrided layer, and, prior to nitriding, holding steel 
under a gas atmosphere containing fluorine compound 
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with heating, whereby occurrence of uneven nitriding is 
prevented and at the same time savings in consumption 
of expensive fluorine- or fluoride-containing gas can be 
realized. As an alternative, the heating in an air/oxygen 
atmosphere may be before or after the exposure to a 
fluorine compound or fluorine gas atmosphere. 
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